Objective Evidence from many studies suggests that dyslipidemia has a pathogenetic role in the development and progression of diabetic nephropathy. The objective of this study was to evaluate the relationships between serum lipid parameters and urinary albumin excretion in type 2 diabetic patients from Shanghai, China. Methods A total of 1094 type 2 diabetic patients were recruited. The urinary albumin to creatinine ratio (ACR), serum total cholesterol, triglyceride, high density lipoprotein cholesterol (HDL-C), apolipoprotein A I (ApoA I), apolipoprotein B (ApoB), apolipoprotein E (ApoE) and lipoprotein (a) [Lp(a)] were measured and low density lipoprotein cholesterol (LDL-C) was calculated according to the Friedewald formula. An ACR of !30 μg/mg was defined as albuminuria, and <30 μg/mg as normoalbuminuria. Results The levels of ApoE and triglyceride were significantly higher in albuminuric group compared with normoalbuminuric group (p<0.001 and p=0.003, respectively). Differences of ACR among the groups based on the tertile of ApoE and the tertile of triglyceride were significant (both p<0.001). In a multiple linear regression model, ApoE was independently associated with ACR (β=0.003, 95%CI 0.002-0.005, p<0.001). Conclusion Serum ApoE level was independently associated with urinary albumin excretion in type 2 diabetic patients from Shanghai, China.
Introduction
Diabetic nephropathy is a major cause of end-stage renal disease and an important risk factor for atherosclerotic cardiovascular disease. Evidence from many studies suggests that dyslipidemia has a pathogenetic role in the development and progression of diabetic nephropathy (1) (2) (3) (4) . Lipoprotein abnormalities associated with diabetic nephropathy include increased plasma levels of very low density lipoprotein (VLDL), intermediate-density lipoprotein (IDL), and LDL and decreased concentrations of HDL (3) . Diabetes is also associated with alterations in the amounts of several classes of apolipoproteins, including apolipoprotein A I (ApoA I), apolipoprotein AII (ApoA II), apolipoprotein B (ApoB), apolipoprotein C I(ApoC I) and apolipoprotein C III (ApoC III) (4, 5) , which can affect the development of nephropathy in patients with diabetes. The mechanisms by which lipids induce renal injury in diabetic patients include excess production of reactive oxygen species, activation of TGF-β pathway (6, 7) , disruption of endothelial cell glycocalyx (8, 9) and monocyte transmigration (10) . Diabetic nephropathy is characterized by a progressive increase of urinary albumin excretion. The association of dyslipidemia with albuminuria in Chinese type 2 diabetic patients has only been examined in Taiwanese. Two studies found that apoB, triglyceride and lipoprotein (a) [Lp(a)] were associated with albuminuria in type 2 diabetic patients from Taiwan (11, 12) . The association of ApoE with albuminuria was not investigated in either of these studies. The objective of the present study was to evaluate the relationships between urinary albumin excretion and the serum lipid pa-rameters, including total cholesterol, triglycerides, HDL-C, LDL-C, ApoA I, ApoB, ApoE and Lp(a) in type 2 diabetic patients from Shanghai, China.
Materials and Methods

Subjects
During January 2007 to December 2008, a total of 1094 type 2 diabetic patients were recruited from the Endocrinology and Metabolism Department of Zhongshan Hospital in Shanghai, which is affiliated to Fudan University. All participants were of Southern Han Chinese ancestry and resided in the Shanghai metropolitan area, met the 1999 WHO criteria for diabetes (13) , had been diagnosed after the age of 29 years, and were treated with oral hypoglycemic agents and/ or insulin. Exclusion criteria were diabetes other than type 2 diabetes, known nondiabetic kidney disease, renal transplant or on dialysis, renal vascular disease, obstructive uropathy, infection, fever, congestive heart failure, and pregnancy.
Written informed consent was obtained from all participants and the study was approved by the ethnic committee of Zhongshan Hospital, Fudan University, Shanghai, China.
Clinical measurements ACR and estimated glomerular filtration rate (eGFR)
Urinary specimens were collected in the morning after the subjects fasted for at least 12 hours. First-void and midstream urine was collected. The concentration of urinary albumin and urinary creatinine were measured by Hitachi 7600 biochemistry autoanalyzer [albumin: immunoturbidimetric assay, DiaSys Diagnostic Systems (Shanghai) Co., Ltd; creatinine: enzymatic assay, Roche Diagnostica, Basel, Switzerland]. ACR was calculated by dividing the urinary albumin concentration in micrograms by the urinary creatinine concentration in milligrams. An ACR !30 μg/mg was defined as albuminuria, and <30 μg/mg as normoalbuminuria. eGFR (mL/min) was calculated from the Cockcroft-Gault formula as: [(140-age in years) * body weight in kg]/(72 * serum creatinine in mg/dL) (14) . For women, the calculated values were multiplied by 0.85 (14) .
Lipid parameters
Blood samples were collected in tubes without anticoagulant in the morning after the subjects fasted for at least 12 hours. The samples were allowed to clot at room temperature, and serum was obtained by centrifugation at 3,000 rpm for 15 minutes. Lipid profile was determined with Hitachi 7600 biochemistry autoanalyzer. Triglyceride, total cholesterol and HDL-C were measured with enzymatic methods (triglyceride, lipase-GPO-PAP method, Shanghai Kehuadongling Diagnostics Co., Ltd.; total cholesterol, CHOD-PAP method, Shanghai Kehuadongling Diagnostics Co., Ltd.; HDL-C, PEG-modified enzymatic assay, Kyowa Medex Co., Ltd., Tokyo). LDL-C was calculated according to the Friedewald formula (15). ApoA-I, ApoE, ApoB, and Lp(a) were determined by immunoturbidimetric assays (ApoA-I and Apo B, DiaSys Diagnostic Systems Co., Ltd.; Apo E and Lp(a), Nittobo Boseki Co., Ltd., Tokyo).
Potential confounders
Age, sex, body mass index (BMI), duration of diabetes, history of hypertension, duration of hypertension, glycosylated hemoglobin (HbA1c), systolic blood pressure (SBP), diastolic blood pressure (DBP), serum creatinine, the use of statin/fibrate and the use of angiotensin-converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB) were treated as potential confounders.
Blood pressure was measured on the right arm after 20 min rest in a sitting position with a standard mercury sphygmomanometer. Body height in centimeters and body weight in kilograms (kg) were measured with light clothes and bare feet, and BMI in kg/m 2 was calculated. Serum creatinine and plasma glucose levels were measured by Hitachi 7600 biochemistry autoanalyzer (creatinine: enzymatic assay, Roche Diagnostica, Basel, Switzerland; glucose: glucose oxidase method, Shanghai Kehuadongling Diagnostics Co., Ltd.). HbA1c was measured by high performance liquid chromatography using the Bio-Rad Variant II analyzer (Bio-Rad Laboratories, Hercules, CA, USA).
Statistical analyses
Continuous variables were expressed as the mean ± standard error of mean (SEM) or median (interquartile range), and categorical variables were expressed as percentages. Comparisons between groups were performed with T test or one-way ANOVA and Chi-squared test for normally distributed continuous and categorical variables, respectively. The post hoc method used in one-way ANOVA was Fisher's least significant difference (LSD). The stepwise multiple linear regression model was used to assess independent relationships between lipid parameters and ACR. Non-normally distributed values were natural log-transformed before analysis if necessary. Two-sided p<0.05 was considered statistically significant. All statistical analyses were performed with SPSS software version 17.0.
Results
Among the 1094 type 2 diabetic patients, 744 had normoalbuminuria and 350 had albuminuria. Comparisons of the baseline characteristics between the normoalbuminuric and albuminuric groups are shown in Table 1 . Subjects with albuminuria were older, had a higher proportion of hypertension, longer duration of diabetes and hypertension, higher SBP, higher BMI, higher triglyceride and ApoE levels, higher serum creatinine, and lower eGFR. More patients in the albuminuric group were receiving treatment with insulin and ACEI or ARBs.
The levels of ApoE and triglyceride were significantly higher in the albuminuric group compared with the normoal- buminuric group (Table 1) . We classified the study subjects into three groups based on the tertiles of ApoE level (<42, 42-54, >54 mg/L) or triglyceride level (<1.12, 1.12-2.00, >2.00 mmol/L). Differences of ACR among the groups based on the tertile of ApoE level were significant (p< 0.001), and the ACR level increased across the tertile groups (Fig. 1) . The third ApoE tertile group had a significantly higher ACR compared with the first and the second groups (both p values<0.001). The differences of ACR among the groups based on the tertile of triglyceride level were also significant (p<0.001), and the ACR level increased across the tertile groups (Fig. 1) . The third triglyceride tertile group had significantly higher ACR compared with the first and the second groups (p<0.001 and p=0.006, respectively), and the second group also had a significantly higher ACR compared with the first group (p=0.03).
We next investigated the relationships between lipid parameters and ACR in a multiple linear regression model which included sex, age, BMI, duration of diabetes, duration of hypertension, SBP, DBP, HbA1c, total cholesterol, triglyceride, LDL-C, HDL-C, ApoA1, ApoB, ApoE, Lp(a), eGFR, use of insulin, use of ACEI or ARBs and use of statins or fibrates as variables. We found that ApoE was independently associated with ACR (β=0.003, 95%CI 0.002-0.005, p<0.001) ( Table 2 ). Other predictors of ACR were the duration of diabetes, HbA1c, SBP, BMI and eGFR (Table 2).
Discussion
The present study demonstrated that serum ApoE level was independently associated with urinary albumin excretion as determined by ACR in type 2 diabetic patients from Shanghai, China. ACR increased gradually with increasing tertiles of ApoE level as shown in one-way ANOVA analysis. In the multiple linear regression analysis, after adjusting for common risk factors of diabetic nephropathy and including other lipid parameters and medication use in the model, the serum ApoE level was significantly and positively associated with ACR in the study population.
ApoE is a class of apolipoprotein, and is an important component of chylomicron, IDL and VLDL (16) . It is essential for the normal catabolism of triglyceride-rich lipoproteins (16) . ApoE was initially recognized for its importance in cardiovascular disease (17) and Alzheimer's disease (18) . There are also many studies indicating that ApoE has a major role in the pathogenesis and progression of a variety of renal diseases. ApoE gene mutations and elevated ApoE concentrations contribute to the development of lipoprotein glomerulopathy (19) . Lipoprotein glomerulopathy is a unique lipidosis characterized by peculiar histopathologic characteristics of lipoprotein thrombi, protinuria and an abnormal plasma lipoprotein profile resembling type III hyperlipoproteinemia, with a marked increase in serum ApoE concentrations (19) . ApoE is also associated with the development and progression of other glomerulopathies (20, 21) .
The present study found that ApoE might play an important role in the development and progression of diabetic nephropathy. Recent studies mainly focus on the effect of ApoE gene polymorphisms on the risk of diabetic nephropathy (22, 23) . However, ApoE concentration significantly affects serum lipid levels, independent of ApoE polymorphism, by modulating lipoprotein production, lipolytic conversion and receptor-mediated clearance (24, 25) . Therefore, studying the effect of ApoE polymorphisms on diabetic nephropathy without taking into account of ApoE concentrations may lead to confounding results. The previous studies on the association of ApoE level with diabetic nephropathy were limited and the study samples were small. One study found that subjects with type 1 diabetic nephropathy had an increased ApoE level (26) . Another study used twodimensional electrophoresis to identify serum biomarkers for the diagnosis type 2 diabetic nephropathy and found that ApoE was a potential biomarker (27) . The present study was the first large sample association study of lipids levels with type 2 diabetic nephropathy in Chinese, which included ApoE as one of the lipid metabolism parameters.
The present study also found that ApoE level was associated with ACR independent of other lipid parameters. Therefore, the mechanism of ApoE protein in diabetic nephropathy could not be merely attributed to ApoE-related lipid abnormalities. Some studies have shown that ApoE protein regulates mesangial cell proliferation and matrix production and it may act as an autocrine regulator of glomerular function (28, 29) . Thus intrarenal dysfunction induced by an ApoE abnormality may contribute to the induction of diabetic nephropathy, however further studies are necessary to demonstrate this hypothesis.
There are some limitations to our study. First, the crosssectional design of the present study was not sufficient to confirm a causal relationship between ApoE and albuminuria. It is well known that dyslipidemia can result from renal insufficiency. The underlying mechanisms included increased hepatic synthesis, decreased catabolism of lipoproteins and their delayed removal from plasma (30, 31) . However, what was investigated in the present study was not advanced renal disease, and the mean eGFR of study subjects was 93.6 mL/min. Whether renal disease in the early stage could cause lipid abnormalities is still unknown. Second, we did not investigate the associations of ApoE gene polymorphisms with albuminuria. ApoE gene polymorphisms have been shown to be associated with serum ApoE level (32) and diabetic nephropathy in many studies (22, 23) . The role of ApoE protein and ApoE gene polymorphisms in diabetic nephropathy could be examined simultaneously in the future. Third, the result of our study might not be generalizable due to the single-center design, and it should be examined in future multi-center studies.
In conclusion, the present study indicates that among the lipid parameters of total cholesterol, triglyceride, HDL-C, LDL-C, ApoA1, ApoB, ApoE and Lp(a), only the serum ApoE level was independently associated with urinary albumin excretion of type 2 diabetic patients from Shanghai, China.
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